T he Weighing Panel, within the Institute of Measurement and Control, produces a 'Guide to the Specification of Industrial Process Weighing Systems'. It is intended to be an authoritative document, which can be comfortably used in industry by system specifiers such as plant managers and also that can be recognised and translated into realistic specifications by the system providers such as the system integrators and manufacturers. Because such a Guide has not previously been available to industry, major weighing system users have devised their own customised specification forms. These forms, due to the nature of their content and use, tend to be treated as confidential documents and vary significantly between the specifiers.
In summary, this Guide strives to achieve the following objectives:
• To prompt users to identify, and where possible, quantify all the relevant influence factors at the early stages of the project.
• To generate two-way communications between the user and the provider since it is likely that not all the influence factors will be clearly identified at the initial stages of the project.
• To lead to a better understanding of the requirements.
• To improve the communication between the user and the provider due to the clear description and the extent of the influence factors and other considerations given in the Guide.
• To eventually result in a higher specification end product.
• To save cost due to better and clearer specification and improved communication. The Guide attempts to encourage the user/specifier to consider all the influence factors although they may be barely applicable and to quantify these effects and based on the findings, ignore them if the quantity is not a significant contributor to the system performance.
The scope of the Guide is limited to a typical industrial process weighing system as shown (below left). The effect of the influence factors and other considerations which affect the various elements of the total weighing system are systematically examined in three major chapters, namely General Considerations, Specific Considerations and Special Considerations.
The Guide is not intended for applications where the weighing system is subject to legislative control. However, there is a section in the annex, which reviews the factors that should be considered and help the reader to familiarise with the basic requirements of weighing systems subject to Weight and Measures regulation.
General Considerations
This chapter addresses six factors which influence the design, installation configuration, reliability, safety, serviceability which may influence the initial cost and long-term operation of the weighing system. These need to be considered at the early stages of the project.
Human Factors identifies four areas that may have an important impact on the weighing system specification. Design and installation addresses various issues ranging from co-ordination of the various disciplines involved in the design and installation to quality and safety issues, such as hazardous area installation and certification. Calibration, adjustment and maintenance explains the need at early stages of the project to decide who is going to maintain the system, consideration for spare parts, special test equipment and manpower resources. It also explains the need to establish the competence of the suppliers. Training of personnel is an important aspect of the efficient running of the weighing system. This should be considered in detail since it may have a major impact on the initial capital cost as well as running cost of the plant. Access to the system by untrained personnel explains the dangers involved in access to the system by untrained operatives that may result in alterations such as to pipework or cable layouts. It also considers developing operating procedures and effective access limitations to the plant.
Factors Relating to the Selection of Load Cells
considers the four factors which need to be addressed-namely the number, type, capacity and the use of dummy load cells for a particular application. The selection of load cells is generally influenced by the engineering and commercial judgement of the user and specifier. The Guide has taken this into account and allows sufficient flexibility for alternative proposals.
The number of load cells used may be one or many, at least in theory. The decision depends on factors such as all-up weight, mechanical design, stability of the load receiving element, load sharing characteristics and cost. There is an obvious cost advantage to minimise the number of load cells installed. However, this may not necessarily be true when the overall system is considered.
Load cells may be divided into generic types such as compression, tension, bending beam, single or double ended shear beam and so on. A number of factors will influence the type of load cell specified, such as the load performance characteristics including its ability to withstand side loads, inclined loads and reverse loads, mechanical construction and its suitability for use in hazardous area applications.
The type chosen will have an impact on the cost of mounting hardware and accessories.
The capacity of load cells section examines factors involved in deciding on the capacity of the load cell to be specified. Load cells are manufactured in defined capacity ranges having safe overload and maximum or ultimate overload. The basic approach is to add the maximum live load and the dead load and divide by the number of support points which is normally decided by the mechanical considerations of the weigh structure; then select a capacity, which is the next highest range available for the selected load cell type.
This simplistic approach may not be the correct method and the Guide lists six factors influencing this decision. These range from the poor load sharing to cost of spares holding.
Use of dummy load cells as pivots has always been an attractive low-cost solution to the weighing system design. This section examines the merits of using dummy load cells as pivots and explains the influence of the movement of centre of gravity of the weighed material on the overall system performance.
Multiple Load Cell Applications examines the overall performance of the weighing systems using multiple load cells. A number of methods are suggested to derive the total system performance from the individual load cell characteristics. The areas addressed here are the combination ofload ceJl errors and influence of the rated load output and output resistance of the installed load cells. A number of worked examples are given here to illustrate the magnitude of these influence factors.
Calibration is an important part of the operation of a weighing system, since without an effective and reliable calibration it would be impossible to obtain reliable weight data from it. The calibration requirements for the system should be established at the earliest stage of the specification since this may have considerable design and cost implications. This section examines all the relevant issues including accuracy, calibration range, calibration frequency, requirements for verification between the calibrations and operating procedures. Detailed 26 Measurement+Control 10138/1 February 2003 reviews of the calibration methods used in industry are listed and their merits are examined in some detail. A table summarising the methods of calibration, best measurement capability of the weighing system under calibration and the uncertainty of measurement of the applied calibration load is also given to assist the reader. System Performance is considered for an industrial process weighing system and reference also made to the system performance used in systems subject to legislation. A number of examples are given to illustrate system errors based on terminal line, best-fit straight line through zero and the typical staircase error envelope as specified in OIML Recommendation R76 or BS EN 45 501.
Cleaning and Hygiene is an important consideration since most weighing installations are subjected to some cleaning regime. This may be internal and/or external to the load receiving element. The procedures for cleaning are likely to be subject to Health and Safety Regulations and relevant good manufacturing practices. The Guide examines the main effects associated with cleaning and lists areas which should addressed in specifying a weighing system.
Specific Considerations
This chapter considers influence quantities which affect the value of the weighing system output. It is an important area since these quantities are likely to be present in all weighing systems and may have a profound affect on their operation and therefore these have been given special attention. There are ten sub-sections in this chapter and each subsection examines the effect of the influence factor under consideration on each of the six elements of a typical weighing system, see figure I. These elements are;
• Load receiving element • Load cell • Mounting hardware • Load bearing structure • Junction box and cable • Signal processor These quantities are systematically analysed for their effect on the performance of the each element. They are explained in detail and, where practicable, mathematical expressions are suggested to estimate the magnitude of the effect. A number of quantitative examples are given to illustrate these effects.
Temperature. This sub-section addresses the effect of the temperature changes caused by environment or the process; this is considered to be one of most significant influence quantities affecting a weighing system. The main effects of the temperature changes are:
• Change of mechanical dimensions.
• Generation of forces due to changes of mechanical dimensions.
• Generation of forces due to convection currents caused by temperature differentials.
• Change of performance characteristics of the load cells, signal processor and the connecting cables.
• Change of performance of additional system compowwwJDstmc.oru.ull nents such as safety barriers.
• Possible permanent damage due to excessive temperature excursions.
A number of mechanical and electrical techniques, which are commonly employed to minimise these effects, are explained.
Reference is made to the merits of using 4-or 6-wire systems and a number of relevant points are listed for consideration.
This sub-section also contains tables of data on linear temperature expansion and modulus of elasticity of commonly used materials, as well as a table of resistance of popularly used cables.
Atmospheric Quality. The effect of the environment where the weighing system is installed has a significant influence on its operation and long-term reliability. This is especially true of the load cells and their mounting hardware. The effects discussed here are:
• Corrosion due to chemicals in the atmosphere.
• Abrasion due to powders and dust.
• Force shunting due to icing, building up of material around the load cell and the load receiving element.
• Accumulation of solids contaminants. A detailed discussion of the above effects presented and their influence on each of the weighing system elements examined.
In addition, this sub-section addresses a number of commonly encountered questions, ranging from the suitability of certain types of stainless steels for the manufacture of load cells to the effect of chlorine ions on high-performance stainless steel.
Humidity. This sub-section addresses the effects of humidity on the weighing system. The main effects identified and examined are:
• Change of weight due to condensing water.
• Change of weight due to absorption of water.
• Change in electrical characteristics due to contamination by dissolved chemicals.
• Accelerated corrosion.
• Changes in the buoyancy effects of displaced air. Humidity is explained and reference is made to relative humidity, absolute humidity and the dew point. A table giving the relationship between the temperature and water vapour pressure is presented.
A detailed examination is given on the merits of using the popularly referred IP numbers for the protection of load cells against moisture ingress. This is compared to the requirements of the OIML recommendation R60 and the Protection Classification given in the InstMC document WGL930l titled Procedure for the Specification,
Calibration and Testing of Strain Gauge Load Cells Industrial Process Weighing and Force Measurement.
Precipitation. Precipitation is taken to encompass rain, snow and hail. The following effects are considered significant and discussed in some detail:
• Change of apparent weight due to accumulation of water, snow and ice.
• Change of apparent weight due to impact of precipitation on the load receiving element.
• Force shunt effects due to build -up of ice and compacted snow.
Feature +
• Water ingress. Accumulation and impact of water on the load receiving element are studied and examples quantifying their effect on the weighing system are given.
Wind Loading. This sub-section addresses the effects of the wind loading on the weighing system. This is an important influence factor for most of the systems installed outdoors. The main effects identified are:
• Damage to exposed components and consequential impact on the safety and system integrity.
• Error caused in the system output due to changes in the load distribution on the multiple support system.
• Error caused by vertical component of the wind loads.
• Error caused by horizontal component of the wind loads.
• Increased abrasion and corrosion effects from airborne dust and chemicals.
The Guide gives extensive coverage to the effects listed above and gives examples. Although several examples are given quantifying the wind loads for three and four load cell systems, the reader is advised to seek expert advice due to the complexity of computing wind loads.
A map of the UK showing wind speeds taken from the British Standard BS 6399, is included in the Guide to help the reader to estimate the wind speeds applicable to the area of installation.
These findings need to be taken into consideration in selecting the load cells for their overload and side load capability and the mounting hardware for capability of withstanding the overturning force.
Impact. This sub-section deals with the effects of impact or shock on the weighing system. The main effects of this force are:
• Mechanical damage to load receiving element and its support structure.
• Damage to the load cells.
• Error in the weighing system output. This is an area, which is often encountered in the process industry. The subject is examined in two distinct applications, namely impact between two discrete objects that is lumps falling on the weigh vessel and continuous impact where the material, such as granules or liquid is flowing into the vessel.
Vibration. Vibration is considered to have the following effects on the system:
• Mechanical damage to the load receiving element • Damage to the load cells.
• Instability of the weighing system output.
• Error in the system output caused by the vibration. In industrial applications, vibration of the weighing system is mainly caused by the operation of motorised accessories such as agitators and vibrators and plant borne vibration forced on the system through the support structure. These factors are examined in detail and an example based on a load suspended from a crane is given.
Structural Interaction. This is an important but little understood influence area where most of the information appears to be based on experience and engineering intu- Pipework is an important sub-section which requires to be carefully thought about by users and specifiers alike. Almost all industrial process weighing installations employ pipes of varying sizes and shapes for transfer of material in and out of the weigh vessels. The main effects of the pipe connections identified in this sub-section are:
• Errors caused by the vertical spring forces in the pipe connections.
• Errors caused by the restriction of the thermal expansion of the load receiving element.
• Errors caused by the thermal expansion of the pipework.
• Errors caused by the pressure changes in the flexible couplings.
This sub-section examines the pipework influences in some detail and gives a number of case-related worked out examples to show the magnitude of errors which may be generated by pipework.
A number of empirical expressions are given to help the reader to estimate the errors, which would be caused by the pipe connections. Advice has been taken from a specialist software house in quantifying the shunt effects caused by complicated pipe connections where pipes have 90°elbows in vertical or horizontal directions. A useful empirical formula is also suggested, relating the system error to total shunt forces produced by pipework. Also included are a number of schematic figures proposing guidelines to estimate these errors.
A list of advice on reducing the pipework effects is given and reference is made to the use of flexible couplings in the pipe connections.
Special Considerations
ition. The main interaction areas are:
• Errors caused by the production of inclined load on load cells.
• Errors caused by the side loads.
• Errors caused by redistribution of load on load cells.
• Change in the system response in the presence of impact and vibration.
• Changes in the shunt forces produced by the pipework, tie bars and other attachments.
The above effects are examined in some detail and a number of illustrative examples are given.
There are guidelines used by individual manufacturers and specialist engineering houses for specifying the relationship between the structural deflections, accuracy of the weighing systems and type of load cells used. A table of such guidelines is included in this sub-section.
Horizontal Restraining Devices. These are mechanical elements to restrain the load receiving element or the weigh structure from excessive movement. These devices are popularly used in many installations especially where canister type load cells are used. The main reason for using these elements are:
• To achieve stability in a horizontal direction in the presence of vibration, seismic loads or wind.
• To protect the load cells from excessive horizontal loads caused by such effects as thermal expansion or forklift truck collisions.
• To restrain the load receiving element when free motion devices are installed.
The main effects of using these devices on weighing systems are listed the forms and configurations of them are discussed and a number of quantitative examples are given to illustrate the magnitude of the forces generated by the differential temperatures and shunt forces generated by the deflections. Figure 2 is taken from the Guide to show a typical example of a tie bar configuration in a weigh platform application.
Hazardous Area Weighing Systems. The purpose of including this sub-section is to consider the effect of the safety systems on the weighing system performance. It was not intended as a guide on the design of suitable safety systems.
This sub-section reviews the latest European Directive on this subject, 94/9/EC, commonly referred as the ATEX Directive. A list of commonly used and accepted methods of protection for the equipment used in the hazardous areas is given.
A typical connection diagram for the use of safety barriers is given and a number of examples are included to help illustrate the influence of using these safety barriers on the overall performance of the weighing system. Electrical Storms and Earthing. This sub-section reviews the effects of electrical storms and other high level electrical activity in the vicinity of the weighing system. The main effects of lightning are listed and examined in some detail. References are made to the influence of electric arc welding and electromagnetic fields and guidelines are given for measuring the insulation resistance of the load cells.
Feature + Seismic Loads. This sub-section addresses the effects of seismic loads on the weighing system. These loads are generated by the movement of the earth's crust and may be in the form of earthquake, earth tremor or caused by the collapse of disused mines. It is explained that the loads generated are similar to those generated by wind. A table relating the intensity of the earthquake based· on the Richter scale and its effects as well as the estimated annual events is given. An example is given to illustrate the magnitude of seismic forces generated in an area classified as a high seismic risk area.
Radiation. Electronic weighing systems are widely used in the Nuclear Industry and this sub-section considers some of the main issues involved in selecting the appropriate equipment.
A review of nuclear radiation and its effects on the mechanical and electronic components are considered.
Reference is made to a number of materials suitable for use such areas.
Supporting Sections
These sections are included in the Guide to help inform the reader on the closely related subjects and make it a standalone document.
There are three annexes in the Guide. The first annex reviews the weighing systems subject to legislation. This methodically examines the subject starting, witha list of applications where compliance becomes m~ndato,!,~nd explains the requirements of Non-Automatic Welghl?g Instruments. It covers subject areas such as essential requirements, classification, accuracy of performance, testing and finally determination of weighing performance. Tables and graphical information are included to aid understanding of the various concepts.
The second annex is a summary of the IP codes, listing the explanation of the numerical system and explanation of the first and second numerals.
The third annex is the model form for specification constructed so that all the issues relevant to specifying a weighing system are considered. It is envisaged that some of these questions may not be relevant in some applications for the weighing system considered. However, it is thought to be important to be prompted to consider the subject and, if not applicable or relevant, indicate this on the form with a positive statement such as Not Applicable.
Conclusions
The Guide provides for the first time, an independent, authoritative source to help the prospective users of load cell based weighing systems achieve a successful application. It is published by the Institute of Measurement and Control. 
